Tribulus terrestris (TT), a herb belonging to Zygophyllaceae family is widely used due to its medicinal properties. This study was undertaken to elucidate the anticancer mechanism of TT on MCF-7 breast cancer cells. Cytotoxic effect of the herb was assessed by 3-(4,5-diethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Apoptotic potential was assessed through DNA fragmentation, TUNEL and caspase 3 activity assays. Expressions of genes regulating the apoptotic pathway were examined by RT-PCR and expression of proteins was analyzed by immunocytochemistry. The result of MTT assay revealed that methanolic and saponin extracts from leaves and seeds of TT were cytotoxic to MCF-7 cells. Cytotoxicity studies on peripheral blood mononuclear cells (PBMC) proved that TT extracts were non-toxic to non-malignant cells. Treatment of human breast cancer MCF-7 cells with seed and leaf methanol and saponin extracts of TT resulted in fragmentation of DNA and induction of apoptosis. This was evident by agarose gel electrophoresis of DNA and TUNNEL assay. The extracts of TT also caused a significant increase in caspase 3 activity in MCF-7 cells. TT extracts caused an induction of intrinsic apoptotic pathway which was evident by the upregulation in the expression of Bax and p53 genes and downregulation in the expression of Bcl-2. FADD, AIF and caspase 8 genes were also upregulated indicating the possible induction of extrinsic apoptotic pathway. Therefore, our results suggest that the Tribulus terrestris (TT) extracts may exert their anticancer activity by both extrinsic and intrinsic apoptotic pathways.
Introduction
Breast cancer is the most common cancer in women worldwide. It represented about 25% of cancer diagnosed in the female population and was the fifth most common cause of death from cancer in women in 2012 (Breast cancer statistics 2012). Breast cancer cell lines have helped us to understand the process of carcinogenesis in breast tissues. These cell lines offer an advantage of homogeneity due to the use of simple and standardized techniques (Lacroix et al. 2004) . MCF-7, T47D and MDA-MB231 are some of the commonly used cell lines in breast cancer studies (Lacroix et al. 2004) . MCF-7 cells are well-characterized and have been widely used as a model to study the pathogenesis of breast cancer (Comşa et al. 2015) .
Herbal medicines have been used since ancient times due to their efficacy and cultural acceptability. Natural compounds have been widely tested for their anticancer properties due to minimum side effects. Alkaloids, terpenoids, flavonoids, saponins, tannins, phenolics, etc., are some of naturally occurring active principals found in nature (Basaiyye et al. 2017) . Tribulus terrestris L. (TT) (Zygophyllaceae) is an annual herb that has been used in the traditional medicine all over the world (Graham et al. 2000; Angelova et al. 2013) . TT extracts have been reported to induce the arrest of cell growth and induce apoptosis by down-regulating NF-κB signaling in liver cancer cells (Kim et al. 2011) . TT extracts 1 3 58 Page 2 of 10 exhibit weak cytotoxic effects in normal cells as compared to cancer cells (Neychev et al. 2007) . The biological activities of T. terrestris have been attributed to its steroidal saponins (Su et al. 2009; Bedir et al. 2002) . Saponins from TT have been proposed to exert their anticancer effect by induction of apoptotic pathway in breast cancer cells (Neychev et al. 2007; Angelova et al. 2013) . Alkaloids from TT, viz., trans-N-feruloyl-3-hydroxytyramine and trans-N-feruloyl-3-ethoxytyramine have been reported to induce apoptosis in leukemic cancer cells (Basaiyye et al. 2017 ). The present study was undertaken to understand the molecular mechanisms involved in the anticancer effects of extracts from Tribulus terrestris L. (TT).
Methods
Tribulus terrestris L. was collected during its fruiting period (December-March) from Junagham, near Suvalli, dist. Surat, Gujarat, latitude, 21.141400 and longitude, 72.63525. The plant was identified and authenticated by Dr. M. N Reddy (Professor, Department of Biosciences, Veer Narmad South Gujarat University, Surat, India). The voucher specimen (BVBRC1205) has been deposited at Shri Bapalal Vaidhya Botanical Research Centre, Veer Narmad South Gujarat University, Surat, Gujarat, India. The plant materials were washed under tap water and rinsed with distilled water. The leaves and seeds were dried separately in an oven at 60 °C. The resultant dried plant parts were powdered and defatted in Soxhlet apparatus using n-hexane. The defatted extract was again treated with methanol and acetone to obtain a colorless extract. Resulting dried extracts from the seeds and leaves of TT were used for further studies. Similarly, the saponins were extracted from dried leaves and seeds as described by Obadoni and Ochuko (2001) .
Human breast cancer MCF-7 cell line was obtained from National Centre for Cell Sciences, Pune, India. The cells were cultured in Dulbecco's modified Eagle medium as described by Noomhorm et al. (2014) .
Determination of cytotoxicity and cell proliferation
Cytotoxic potential of Tribulus terrestris leaf and seed extracts was evaluated using 3-(4,5-diethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Peripheral blood mononuclear cells (PBMCs) isolated from human blood were used as healthy non-cancerous control cells. The antiproliferative activities of TT leaf and seed extracts were determined by the colorimetric MTT assay. Cells (5 × 10 3 /ml) were seeded 24 h prior to treatment in a 96-well plate. Wells with serum-free medium were used as negative controls. After incubating the cells for 24 h, they were treated with the methanolic and saponin extracts of TT leaf and seed at a concentration in the range of 6.25, 12.5, 25, 50 and 100 µg/ml. This was followed by incubation at 37 °C for 24 h. 10 µl MTT reagent was added to each well and incubated for further 4 h in dark at 37 °C. This was followed by addition of 100 µl of Sorenson glycine buffer (0.1M glycine, 0.1M NaCl, pH 10.5 with 0.1N NaOH) to the wells to solubilize the formazan crystals. The absorbance was measured at 490 nm. The experiment was repeated three times in triplicate. The percentage viability and inhibition of cells was calculated as follows, DNA fragmentation assay was performed as per the method described by Horiuchi et al. (1988) with slight modification. Briefly, MCF-7 cells were cultured in MEM medium supplemented with different concentrations of TT extracts (Table 1) at a cell density of 1 × 10 6 cells/ml for 9 days. Both adherent and floating cells were collected and DNA was isolated as described by the manufacturer's protocol using Apoptotic DNA ladder kit (Roche Diagnostic GmbH, Germany). An aliquot containing 2 µg genomic DNA was analyzed on 1.5% agarose gel and visualized under UV after staining with ethidium bromide.
Determination of apoptosis
Terminal deoxynucleotidyl transferase nick-end labeling (TUNEL) assay was carried out following the manufacturer's instructions (Roche, catalogue number 11 684 817 910). The percentage of apoptosis was determined as follows,
Caspase-3 activity assay
Caspase-3 colorimetric protease assay was carried out as per the manufacturer's instruction (Thermo Fischer, USA).
Cell viability % = absorbance of sample × 100∕absorbance of control.
% Inhibition = 100 − cell viability %.
Percentage apoptosis = number of TUNEL positive cells∕ total number of cells. Apoptosis was induced in MCF-7 cells by treating them with selected concentrations of leaf and seed methanolic and saponin extract of TT for 24 h in 6-well plate (0.5 × 10 6 cells/ ml). Cells without drug were used as control.
After the treatment, cells were collected and density was maintained at around 0.5 × 10 6 cells/ml in each tube. Cells were lysed with 50 µl of cell lysis buffer (tris-buffered saline containing detergent) on ice for 10 min to extract proteins. This was followed by centrifugation at 10,000×g for 1 min. Supernatants from each sample were carefully transferred to 96-well plate. Protein concentrations in each well were measured by Bradford's assay and samples having concentrations more than 200 µg/ml were diluted. Reaction mixture was prepared by mixing 2× reaction buffer (containing buffered saline, glycerol and detergent) with 2 µl dithiothreitol. 50 µl of the prepared reaction mix along with 5 µl of DEVDpNA composed of the chromophore, p-nitroanilide (pNA), and a synthetic tetrapeptide, DEVD (Asp-Glue-Val-Asp) substrate were added in each sample. Plates were incubated in dark for 2 h at 37 °C and the absorbance was measured at 405 nm in a micro-plate reader (Biotek, India; Model no-ELx800).
Apoptosis related gene expression profiling: RNA extraction and quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
MCF-7 cells were cultured in 100 mm petri dishes at the density of 1.0 × 10 6 cells/ml and subsequently treated with earlier mentioned concentrations of TT leaf and seed extracts. After treatment, RNA isolation was carried out as per the manufacturer's instruction using TRI reagent (TRizol, Sigma Aldrich). RNA concentration was determined spectrophotometrically and cDNA was reverse transcribed using GeNeifirst strand cDNA synthesis kit (India). PCR was performed using specific primers for Bcl-2, Bax, p53, Caspase 3, Caspase 8, FADD, AIF, and β-actin genes (Zhang et al. 2005) . PCR products were electrophoresed on 2% agarose gel and visualized by staining with ethidium bromide. Quantified transcripts of β-actin were used as endogenous RNA controls. All experiments were performed in duplicate for each data point.
Immunocytochemistry for Bax and Bcl-2
The expression of Bax and Bcl-2 protein was studied by immunocytochemistry using FITC (Fluorescein isothiocyanate tagged) specific antibodies. Briefly, cells were cultured on coverslips placed in 6-well plates at the cell density of 1 × 10 6 cells/ml and treated with TT extracts. Following drug treatment, cells were fixed and permeabilized as described previously (Vermeulen et al. 2005 ).This was followed by the exposure of cells to 10% fetal bovine serum for 1 h at room temperature. Following instructions from the manufacturer, the cells were then incubated with anti-Bax and anti-Bcl-2 antibody (Thermofisher Scientific, Rockford, USA) at 1:100 concentration overnight at 4 °C. After incubation, cells were rinsed twice with PBS and incubated with a goat anti-mouse IgG (H + L) secondary antibody, FITC (fluorescein isothiocyanate; Thermofisher Scientific, Rockford, USA)-conjugated secondary antibody for 2 h at 37 °C in the dark. After washing with PBS, cells were stained with Hoechst solution (1 µg/ml) for 30 min at 37 °C in dark. The coverslips were rinsed with PBS thrice to remove excess stain and observed under Fluorescence Microscope using UV excitation (Nikon Eclipse e200).
Statistical analysis
The values are expressed as mean ± standard deviation (SD) of independent experiments performed in triplicate. Values between groups were compared using Tukey's comparison test. Values were considered significant if p < 0.05. Statistical analysis was performed by means of In-Stat package for personal computers version 5 (GraphPad_Software, Inc., San Diego, USA). IC 50 value was calculated by linear regression.
Results

Inhibition of MCF-7 cells' proliferation
Cell viability was determined through МТТ assay. Antitumor activity was determined by IC 50 value. It is the concentration of active compound needed to reduce the cell viability to 50%. The MTT assay was performed to determine the cytotoxic effect of Tribulus terrestris on MCF-7 cells. The leaf and seed methanolic extract of TT showed the highest reduction in cell viability up to 69.51 ± 2.21% (p < 0.05) at 12.5 µg/ml and 12.97 ± 0.896% (p < 0.05) at 25 µg/ml of extract. Saponin fractions of leaves and seeds showed cell viability up to 17.66 ± 1.115% (p < 0.05) and 13.50 ± 0.885% (p < 0.05) at 100 µg/ml and 6.25 µg/ml, respectively. Leaf saponin and seed saponin were demonstrated to have an IC 50 value of 28.32 µg/ml and 41.23 µg/ml, respectively. The results suggest that saponin extracts have potential cell cytotoxic activity as compared to the methanolic extracts (Table 2) .
PBMCs were isolated from the healthy individual to test the cytotoxicity of methanolic and saponin extract of Tribulus terrestris on normal cells. The percentage of viability obtained after 24 h exposure of 100 µg/ml concentration of leaf and seed methanolic extract was 146.66 ± 2.61% (p < 0.05) and 272.66 ± 1.29% (p < 0.05), respectively. Similarly, the leaf and seed saponin extract have shown viability of 249.33 ± 1.53% (p < 0.05) and 145.33 ± 1.98% (p < 0.05), respectively. These results suggest that Tribulus terrestris extracts were not cytotoxic to the normal cells (Table 3) .
Tribulus terrestris extract induced apoptosis in MCF-7 cells
The DNA fragmentation assay was performed to delineate the mechanism of cell death in MCF-7 cells. After 9 days of treatment with selected concentrations of different extracts, DNA fragmentation was compared in all the treated samples and untreated control samples. Figure 1 shows the agarose gel of DNA from MCF-7 cells treated with two different concentrations of seed, leaf methanolic extract and seed and leaf saponin extract. DNA ladder formation which is indicative of DNA fragmentation was observed in MCF-7 cells.
To further support the apoptotic mode of cell death in treated cells, TUNEL assay was performed. It was found that the cells treated with both methanolic and saponin extracts for 24 h exhibited apoptotic body formation (Fig. 2) . Typical morphological features of apoptotic cells, viz., condensed and fragmented nuclei were observed in treated cells (Fig. 2) .When compared to the control cells, 23.185 ± 1.86% and 25.68 ± 1.49% of the cells treated with 12.5 µg/ml leaf and seed methanolic extract, respectively, underwent apoptosis. Similarly, 27.39 ± 1.04% and 33.765 ± 0.875% of the cells treated with 12.5 µg/ml and 6.25 µg/ml of leaf and seed saponin extract, respectively, underwent apoptosis (Table 4) . To elucidate the mechanism of cell death, the effect of TT extracts on caspase-3 is shown in Fig. 3 . The assay was conducted to establish the levels of caspase-3 activation before and after the treatment. The caspase-3 activity was significantly higher in MCF-7 treated with different concentrations of TT extracts when compared to control untreated cells (p < 0.05). The highest caspase-3 activity was observed in 25 µg/ml of leaf methanol extract. However, the seed sapnonin extract at a concentration of 6.25 µg/ml did not show any significant change in caspase-3 activity (Fig. 3) . The result suggests that treatment of MCF-7 cells with TT extracts strongly induces caspase-3 activity.
Tribulus terrestris extract-induced apoptosis in MCF-7 cells by intrinsic and extrinsic apoptotic pathway
The ratio of Bax/Bcl-2 genes regulates the commitment of a cell towards the intrinsic apoptotic pathway. Thus, Bax/ Bcl-2 ratio can affect tumor progression and aggressiveness. Therefore, in the present study, we analyzed the Bax/Bcl-2 ratio using semi-quantitative RT-PCR. The result suggests that there was a reduced expression of Bcl-2 gene in samples treated with 25 µg/ml of leaf and seed methanolic extract as compared to the control. Similarly, there was a reduction in (Fig. 4) . The results suggest that Bax/Bcl-2 gene ratio was altered in the MCF-7 cells treated with methanolic and saponin extracts of TT. Bcl-2 and Bax protein levels in untreated and treated MCF-7 cells were studied using immunocytochemistry technique to examine the involvement of Bcl-2 family proteins in TT-mediated apoptosis. As shown in Fig. 5 , TT extracts dramatically decreased the expression of Bcl-2 (anti-apoptotic) protein, while there is no change in the expression of Bax (pro-apoptotic) protein. This resulted in increased Bax/ Bcl-2 ratio.
Similarly, expression of p53 and caspase 8 genes was also upregulated. The expression of caspase-3 was upregulated in all treated samples except in the sample treated with 12.5 µg/ml of seed methanolic extract as compared to the control (Fig. 6) . Thus, the data suggests that saponin and methanolic extract of TT must have triggered the caspasedependent pathway of apoptosis by activating both intrinsic and extrinsic pathway. Interestingly, expression of AIF gene was also altered. As compared to control, the expression of AIF in samples treated with 25 µg/ml seed methanolic extract showed the highest expression. This may suggest that TT saponin and methanolic extract may induce apoptosis also by caspase-independent pathway.
Discussion
Breast cancer has been reported to affect 1.38 million women and accounts for about 14% of cancer deaths (458,000 women) each year (Jemal et al. 2011) . In the present study, we analyzed the impact of the methanolic leaf and seed extracts as well as saponin from the leaves and seeds of TT on the expression of selected group of genes from apoptotic pathway in MCF-7 cells. Many naturally occurring substances exert anticancer effects by induction of apoptotic signaling (Sun et al. 2004a, b; Portt et al. 2011) . Apoptosis results in morphological and biochemical alterations in the affected cells. These include DNA fragmentation, reduction of cell volume and membrane blebbing (Golshan et al. 2016) .
Various mechanisms have been implicated in the biological activity of active fractions from the plants. Some of them include cytotoxicity, cytostaticity and/or with apoptosis (Angelova et al. 2013) . Apoptosis is regulated through the action of several oncogenes and oncoproteins that exhibit an inhibiting or promoting action. Apoptosis, or programmed cell death, can be initiated either by intrinsic or extrinsic pathway. The trigger for the intrinsic pathway is mitochondrial permeabilization. On the other hand, the extrinsic pathway is triggered by activation of DNA from MCF-7 treated with (2) leaf methanol-25 µg/ml, (3) leaf methanol-12.5 µg/ml, (4) seed methanol-25 µg/ml, (5) seed methanol-12.5 µg/ml, (6) leaf saponin-12.5 µg/ml, (7) leaf saponin-12.5 µg/ml, (8) seed saponin-12.5 µg/ml, and (9) seed saponin-6.25 µg/ml. (10) DNA from untreated cells death receptors by their respective ligands. The present study demonstrates that seed and leaves extracts of TT exhibited an inhibitory effect on the viability of MCF-7 breast cancer cells. Similar results have been reported by Angelova et al. (2013) . MCF-7 cell DNA was shown to be susceptible to fragmentation by the methanolic extracts from the seed and leaf extracts of TT. The reported IC 50 values have wide variation in literature. This may be due differences in the geographical location of the plants. Bcl-2 is a gene located at chromosome 18q21, codes a 26-kD protein that blocks programmed cell death without affecting cellular proliferation (Hockenbery et al. 1990 ). In Fig. 2 Morphological changes in nuclei of MCF-7 cells were observed upon treatment with TT extract as detected by TUNEL assay. a LM1 leaf methanol-25 µg/ml, b LM2 leaf methanol-12.5 µg/ml, c SM1 seed methanol-25 µg/ ml, d SM2 seed methanol-12.5 µg/ml, e LS1 leaf saponin-12.5 µg/ml, f LS2 leaf saponin-6.25 µg/ml, g SS1 seed saponin-12.5 µg/ml, and h SS2 seed saponin-6.25 µg/ ml several malignant tumors, Bcl-2 expression has been associated with a favorable clinical outcome (Doglioni et al. 1994) . Bax is Bcl-2-associated protein X which promotes apoptosis (Oltvai et al. 1993) .The susceptibility of cells to apoptosis is determined by Bax to Bcl-2 ratio. Cells with increased susceptibility to apoptosis over express Bax resulting in increased bax homodimers (Yang and Korsmeyer 1996) . The variations in the level of both Bcl-2 and Bax mRNA in MCF-7 cells when compared to control cells confirmed that Bcl-2 and Bax were altered by TT extracts. In the present study, all the extracts of TT caused significant increase in Bax gene levels and decrease in Bcl-2 levels when compared to control cells. This may suggest a pro-apoptotic tendency induced by TT extracts in MCF-7 cells (Kulsoom et al. 2018) . The product of Bcl-2 gene is a mitochondrial membrane apoptosis-blocking protein. It has been reported to be over-expressed in many types of cancers (Schorr et al. 1999; Singh and Saini 2012) . The decrease in Bcl-2 levels is in agreement with earlier studies (Angelova et al. 2013) . Fas-associated protein with death domain (FADD) is a 28-kDa adaptor protein that is an important component of the death receptors' apoptotic signaling pathway (Fantl et al. 1993; Gibcus et al. 2007) . It initiates the formation of a death-inducing signaling complex and is also a docking site for caspase-8. In this study, the mRNA levels of FADD, caspase-8 and caspase-3 were significantly elevated by the Fig. 6 RT-PCR analysis of apoptosis-related genes revealed molecular mechanism of apoptosis. a The mRNA levels of caspase-3, p53, FADD, caspase 8 and AIF gene as analyzed by qRT-PCR. b. The mRNA levels of caspase-3, p53, FADD, caspase 8 and AIF as quantified by ImageJ software. The values are expressed as means ± SD where *p value < 0.05 was considered when compared with control using one-sample t test extracts of TT indicating the probable triggering of extrinsic apoptotic pathway. Caspase-8 causes the activation of proenzyme caspase-3 to its active form by cleaving it into subunits and their dimerization (Basaiyye et al. 2017) . Caspase-3 is essential for the cleavage of DNA in cancer cells (Cucina et al. 2009 ).
DNA fragmentation has been postulated to occur in later stages of apoptosis (Johnson et al. 2000) . Similar results for induction of apoptosis have been reported for the Chinese herb T. terrestris on different types of cancer cell lines (Hu and Yao 2003; Sun et al. 2003 Sun et al. , 2004 . In apoptosis, the cellular endonucleases are activated which cause the fragmentation of the DNA. In the present study, seed and leaf extracts of TT in methanol as well as saponins from seeds and leaves caused DNA fragmentation in MCF-7 cells but not in PBMCs. This may be indicative of apoptosis in MCF-7 cells. Apoptosis-inducing factor (AIF) is a flavin adenine dinucleotide-containing, NADH-dependent oxidoreductase present in the intermembrane space of the mitochondria. Apoptotic assault results in the proteolysis of AIF followed by its translocation to the nucleus where it causes chromatin condensation and large-scale DNA degradation in a caspase-independent manner (Sevrioukova 2011) . In our study, there was a significant increase in Bcl-2/Bax ratio indicating involvement of the Bcl-2 family proteins in apoptosis mediated by TT extracts. Studies by Cucina et al. (2009) have shown a similar increase in MCF-7 cells treated with melatonin. Apoptic mechanisms mediated by Bcl-2 and Bax are modulated by p53and p57 (Siewe 2007) . The p53 tumor suppressor is sequence-specific transcription factor found in low levels in healthy cells. p53 activation results in apoptosis which may be induced either through the mitochondrial pathway or the death receptor pathway (extrinsic pathway) (Amaral et al. 2010) . p53 overexpression has been reported to increase the expression of cell surface Fas, activate the death domain-containing receptor for TRAIL in response to DNA damage (Wu et al. 1997 ) and promote cell death through caspase 8. In the present study, the level of p53 mRNA was significantly increased in all the MCF-7 cells treated with various TT extracts indicating the induction of apoptosis. In this study, TT-treated MCF-7 cells showed a significant increase in p53 indicating its activation in early apoptosis (Cucina et al. 2009 ).
Conclusion
The present study suggests that TT extracts may exert their anticancer effect by triggering more than one apoptotic pathway.
